This paper deals with the possible relationship between a native, negatively charged polyelectrolyte, chondroitin sulfate, and sodium metabolism. The physical chemical property of decreased activity of the cations Na, K and Ca in chondroitin sulfate is described. The data of experiments indicating an alteration in the inueoprotein metabolism of the cartilage of the rabbit's ear in response to the depletion of salt are presented.
SEVERAL years ago, we were interested in measuring the total exchangeable sodium and the body water in patients with heart disease. Total exchangeable sodium was determined by the dilution of radiosodium; body water was measured by the antipyrine dilution method. Patients with congestive heart failure and edema were studied before treatinent and after cardiac compensation had been restored and edema could no longer be detected. The results demonstrated that there was an abundance of sodium in the body of the patient in congestive heart failure. An unexpected observation was the persistence of an increased body sodium in one-half of the nonedematous cardiac patients, i.e., after the edema was gone.'
The questions then arose of where the excess sodium could be, and why. To date there are nlo answers to these questions. In an effort to answer the question of where the sodium might be, one could postulate that the excess of sodium may be in cells, in bone or in components of the extracellular tissues. An interesting hypothesis is that excess sodium could exist in association with a polyelectrolyte as an osmotically inactive ion, a situation which would explain an abundance of sodium without equivalent amounts of water The 120, or control, showed slight loss of Na and Cl from the cartilage. The outside solution of the KCl vial showed a decrease in K from 70 ,uEq./ml. and an increase in Na. Thus, over a period of 14 hours, there was an exchange of cartilage Na for K from the KCl, and the cartilage was converted from an Na to a K cartilage.
The cartilage was briefly washed and a solution of NaCl was placed outside the bag. Na now replaced the K in the cartilage.
Thus, the experiment indicated, as reported by Boyd and Neuman,2 that cartilage can behave as an ion exchanger. The macromolecule in cartilage, chondromueoprotein, a highnegativity charged polyelectrolyte, cannot diffuse but can associate with exchangeable small counterions such as Na or K. These data, however, tell us nothing about the osmotic aetivity of the cations. To measure the activity of cations associated with chondromucoprotein and chondroitin sulfate, equilibrium dialysis studies were carried out.3 The bound Na can be obtained by subtracting the calculated free Na fromn the total concentration of Na inside the bag, value Nai (total).
In this way, the equivalents of Na, K, and Ca behaving as bound cations could be determined and related to the concentration of ChS (equivalents bound per period ChS). Table 2 shows the data obtained for Na, K, alnd Ca at initial concentrations of cations varying from 10 to 140 ,tEq./ml. The data indicate that about one-half of the Na and K ions associated with ChS behave as if they are not ionized. Another characteristic of the polyeleetrolyte is that, at this range of concentrations of cations, the amount calculated as bound is constant.
In order to establish the role of the carboxyl and sulfate groups in our system, methyl chondroitin was prepared. A methyl group replaces the Na and the sulfated Nacetyl galactosamine is desulfated ( fig. 1 injection of S35 another dialysis was performed, and 2 to 3 hours later the animals were sacrificed. Thus, we had a sodium-depleted rabbit anld a control dialyzed rabbit; each had been injected, 2 days before sacrifice, with the same amount of S35.
The cartilage of the ear was weighed, a volume of acetate buffer in proportion to the weight was added to the cartilage, and the tissue was homogenized. The homogenate was centrifuged at high speed, the supernatant was removed and dialyzed against an acetate buffer to remove free S35 sulfate. Starch-block electrophoresis was carried out in order to separate the mucoprotein from other constituents of the cartilage. Equal volumes of each dialyzed supernatant were applied to a starch A series of 9 such experiments was performed in 18 animals, of which 9 were controls and 9 were sodium-depleted. Each animal of a pair was given the same amount of S33 sulfate intravenously and dialyzed (control 5 per cent dextrose in saline, experimental 5 per cent dextrose in water). Following final dialysis which was 2 days subsequent to S35 injection, the cartilage of the ear was homogenized, the supernatant was dialyzed and starch-block electrophoresis was performed. The sum of the counts under the curves of each control was compared to the sum of the counts of the corresponding sodium-depleted animal, and a ratio was calculated. The data appear in table 6. In 7 of the 9, the ratio was Circulation, Volume XXI, May 1960 below .9 and the average of all the ratios was .69. The data indicate that in sodium-depleted animals there is a decrease in intracellular radioactive mucoprotein. The observation does not necessarily mean that there is a decrease in total intracellular mueoprotein; the turnover rate may be altered. Experiments are now in progress to study the turnover rate of mucoprotein in sodium-depleted animals.
The data so far accumulated do not complete a hypothesis for the role of mueoprotein and chondroitin sulfate in sodium metabolism. The facts presented seem to be related but they do not fit smoothly into the jigsaw puzzle. However, we feel that the evidence indicates that: (1) cations of mueoprotein and chondroitin sulfate behave as if they are incompletely ionized; and (2) a tissue rich in sodium and mueoprotein participates in an abnormality of Na metabolism, namely, Na depletion. What these properties mean for human disease remains a challenging problem.
